Abstract: We experimentally demonstrate the tolerance of a 42.65Gbit/s dual-gate asynchronous digital optical regenerator using a single Mach-Zehnder modulator to optical signal-to-noise-ratio degradation and chromatic dispersion.
Experiment:
The ADORE (figure 1a) detected an incoming data signal and used this to drive a single Mach-Zehnder modulator (MZM) configured to act as an optical dual-gate. To achieve signal regeneration, the ADORE also contained a continuous optical pulse-train source driven by a local free-running oscillator, and this optical clock was sampled by the modulator. A simple RF phase comparator circuit was used to measure the phase difference between the incoming data and the local optical clock pulses, and this phase-difference signal was used to select the optimum sampling clock phase using a 21 electro-optic switch with a 400ns switching time [5] . The regenerated signal at the output of the ADORE had the same pulse width and wavelength characteristics as the local optical clock, and was also synchronised to the local clock independent of the incoming data phase [5] . Figure 1b shows the experimental setup for measuring the characteristics of the ADORE under different OSNR and CD conditions. Using an external cavity laser (centered at 1558.7nm) and two MZMs, a 42.65Gbit/s 33% RZ-ASK data signal was generated with a pseudorandom binary sequence length of 2 7 -1, and back-to-back receiver sensitivity of -32.2dBm (for a 10 9 bit error rate) was measured. This signal then passed through a variable optical delay, which allowed the relative delay (d) between the data signal and the local clock to be varied. This was followed by various lengths of standard single mode fibre (SMF) (group-velocity dispersion of ~17ps/nm/km) to introduce controlled amounts of CD, and a variable optical attenuator together with an erbium-doped fibre amplifier (EDFA) to set the OSNR. The total optical power was then restored to a fixed level using a second EDFA and variable attenuator, and this signal was launched to the ADORE setup. The OSNR at the input to the ADORE was measured at the output of the first EDFA. The receiver sensitivity of the ADORE output, i.e. the regenerated RZ-ASK signal, was measured for different settings of the delay d, OSNR and CD.
Results: Figure 2 shows the measured receiver sensitivity versus different values of the relative delay d, with 40dB OSNR and zero CD. As shown, the automatic operation of the 21 electro-optic switch in the ADORE ensured error-free performance over a range of d values, corresponding to more than one bit period (23.4 ps). The receiver sensitivity penalty for the RZ-ASK regenerated signal was 1dB at the optimum value of d, with an additional 2dB penalty at the worst-case value. As shown in the eye diagrams, the sensitivity penalty variation may be attributed mainly to degradation in the extinction ratio corresponding to small levels of signal leakage from adjacent bit slots when d is set to the worst-case value, owing to the finite rise and fall times of the gate switching window. In addition, the receiver sensitivity was measured with d set to the worst-case value and with the 21 electro-optic switch set manually to both configurations separately; thus by observing that the sensitivities were the same (within 0.4dB), this verified that the automatic switching occurred at the correct value of d. 
